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Figure 1.  Proposed Architecture 2030 Challenge Fossil Fuel Derived Building 9	
CO2eq Emissions and IPCC Global CO2-eq Emission Reductions (445ppm – 490ppm 10	




































































































































































































































































































































































































Figure 3. Total life cycle impacts by life cycle phase for a prefabricated 7	






Figure 4. Total life cycle greenhouse gas emission by life cycle phase for a 2	




















































































Figure 5. Total impacts of annual energy use in a prefabricated commercial 1	
building with 30% (as-built), 0%, and 100% of power supplied by rooftop photovoltaics 2	
as compared to an average existing commercial building (control) 3	
	4	
	5	
Figure 6. Greenhouse gas emissions from annual energy use in a prefabricated 6	
commercial building with 30% (as-built), 0%, and 100% of power supplied by rooftop 7	






















































































































Figure 7. Ecological payback timeline for the prefabricated commercial building 2	
incorporating 0%, 30% and 100% photovoltaic power sources as compared to status quo 3	
existing (control) commercial building operation assuming (a) eQuest modeling energy 4	










Figure 8. Greenhouse gas emission payback timeline for the prefabricated 3	
commercial building incorporating 0%, 30% and 100% photovoltaic power sources as 4	
compared to status quo existing (control) commercial building operation assuming (a) 5	
eQuest modeling energy consumption and (b) Title 24-compliant energy consumption 6	
	7	
In	addition	to	ecological	payback,	economic	payback	of	a	new	building	is	also	8	
of	interest	to	many	building	owners.		While	not	the	main	focus	of	this	study,	a	simple	9	
payback	period	analysis	was	carried	out	accounting	for	negative	cash	flows	that	10	
include	the	cost	of	existing	building	demolition,	new	building	construction,	and	PV	11	
installation.		Positive	future	cash	flows	were	modeled	as	the	savings	of	future	energy	12	
reductions.		The	cost	of	demolition	of	an	existing	5,000	ft2	building	is	approximately	13	
$21,750.42			Construction	of	a	new,	5,000	ft2	modular	building	is	$450,000.42		14	
Purchase	and	installation	costs	for	small	scale	and	large-scale	solar	PV	systems	(to	15	
provide	either	30%	or	100%	of	building	electricity)	are	$40,500	and	$146,400,	16	
respectively.43		The	cost	of	electricity	in	San	Francisco	is	$0.226/kWh.44		Annual	17	
	
	 33	
inflation	on	electricity	costs	is	1.6%.45		The	applied	discount	rate	of	capital	is	4.0%.46		1	
As	a	result,	payback	times	for	new	buildings	with	0%,	30%,	and	100%	of	electricity	2	
needs	being	met	by	PV	are	114,	101,	and	86	years,	respectively.		While	it	can	be	a	3	
good	investment	to	build	a	new	energy-saving	building	instead	of	a	new	average	4	
building,	it	is	not	financially	advantageous	to	tear	down	an	existing	building	to	build	5	
a	new	energy-saving	building,	unless	there	are	highly	beneficial	economic	6	
circumstances	such	as	tax	or	other	policy	incentives.			7	
These	long	economic	payback	periods	are	in	contrast	to	the	much	shorter	8	
ecological	payback	periods	of	11,	16,	and	20	years	shown	in	Figure	7.		This	is	due	to	9	
the	mismatch	between	the	economic	cost	of	electricity	and	environmental	impact	of	10	
electricity	production.		Over	its	lifecycle,	the	prefabricated	structure's	use-phase	11	
energy	costs	comprise	less	than	half	of	total	lifecycle	costs.		However,	use-phase	12	
energy	impacts	comprise	63%	of	total	lifecycle	impacts.		Such	inaccurate	pricing	of	13	
electricity	production	externalities	challenge	building	owners	to	replace	inefficient	14	
buildings	and	suggest	a	broad	need	for	better	emission	pricing	markets	to	meet	the	15	
goals	of	the	Architecture	2030	Challenge.		16	
	17	
Conclusions	18	
Overall,	the	necessary	time	to	ecological	payback	for	new,	high	performance,	19	
energy-efficient	commercial	buildings	is	on	the	order	of	years,	not	decades,	when	20	
compared	to	continued	operation	of	existing	commercial	buildings.		While	ecological	21	
payback	timelines	for	new	building	investments	should	not	be	judged	using	the	22	
same	standards	as	financial	return	rates,	it	is	promising	that	a	new	energy-efficient	23	
	
	 34	
building	which	can	last	many	decades	is	justified	by	a	greenhouse	gas	payback	in	as	1	
little	as	6.5	years,	and	total	ecological	impact	payback	in	as	little	as	11	years.		Given	2	
the	rapid	decreases	in	global	emissions	recommended	by	national	and	international	3	
environmental	agencies	over	the	next	decades,	such	rapid	ecological	payback	times	4	
are	even	more	desirable.			5	
Ultimately,	given	new	technologies	and	improvements	in	the	prefabrication	6	
and	manufacturing	of	commercial	building	systems,	it	can	make	good	ecological	(if	7	
not	economic)	sense	to	demolish	existing,	poorly	performing	commercial	buildings	8	
and	replace	them	with	high	performance,	energy-efficient	structures	that	exhibit	9	
good	durability	and	flexibility	of	use.		While	the	energy	embodied	in	the	existing	10	
commercial	structure	is	considerable,	the	ecological	losses	associated	with	the	11	
materials	consumption	for	new	construction	are	soon	overshadowed	by	the	gains	in	12	
operational	efficiency	that	make	up	nearly	two-thirds	of	total	ecological	impacts	and	13	
nearly	three-quarters	of	total	greenhouse	gas	emissions,	in	even	the	most	highly	14	
efficient	and	well	constructed	commercial	buildings.		Aggressive	recycling	and	reuse	15	
of	construction	and	demolition	waste	further	accelerates	these	gains.	16	
Given	the	extreme	nature	of	the	scenarios	considered	(continued	status	quo	17	
operation	of	an	existing,	inefficient	average	commercial	building	versus	complete	18	
replacement	by	a	high	performance,	energy-efficient	prefabricated	commercial	19	
building),	the	entire	cadre	of	renovation	options	making	up	the	spectrum	between	20	
these	extremes	are	also	recommended.		Given	the	inaccuracies	in	building	energy	21	
modeling,	future	monitoring	of	building	performance	and	energy	use	is	also	22	
recommended	to	more	accurately	track	ecological	payback	accounts	and	determine	23	
	
	 35	
the	ecological	payback	point	when	it	is	reached.		While	such	renovations	and	1	
monitoring	may	offer	a	range	of	ecological	payback	times	different	from	those	2	
shown	here,	they	will	likely	also	make	up	a	significant	part	of	the	future	building	3	
energy	solution	portfolio.	4	
	5	
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